A male patient with portal hypertension, portal vein thrombosis, spontaneous splenorenal shunt formation, and encephalopathy, thought to have post-hepatitis B cirrhosis, is described. His condition deteriorated and necessitated liver transplantation. In the explant liver, nodular regenerative hyperplasia with pronounced vascular lesions both in portal venules and in arterioles was found instead of classical cirrhosis. Two years post-transplant he developed bilateral ischaemic femur head necrosis. The three disorders (portal vein thrombosis, nodular regenerative hyperplasia, and ischaemic hip necrosis) seemed to be due to a common vasculopathy induced by hyperhomocyteinaemia. Genetic studies showed that he carried a mutation in the gene encoding for formation of methylenetetrahydrofolate reductase. Treatment with folic acid combined with pyridoxine (vitamin B6) and cyanocobalamin (vitamin B12) normalised his serum homocysteine levels. N odular regenerative hyperplasia of the liver is characterised by the presence of diffuse rather small regenerative nodules in the absence of fibrosis. It is thought to result from occlusion of the terminal branches of hepatic arterioles and portal venules, secondary to endothelial cell damage. [1] [2] [3] It is associated with systemic and vascular disorders such as systemic lupus erythematodes, progressive systemic sclerosis, Sjögren's syndrome, polyarteritis nodosa, rheumatoid arthritis, 1 2 4 5 and with coagulopathies such as anticardiolipin and antiphospholipid antibodies or factor V Leiden mutation. 4 6 7 An association with myeloproliferative and lymphoproliferative disorders has also been described.
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We describe a patient with nodular regenerative hyperplasia of the liver and portal vein thrombosis, eventually requiring liver transplantation. This was followed by bilateral avascular necrosis of his femur heads. In looking for coagulopathies, it was demonstrated that this patient had hyperhomocysteinaemia of intermediate grade. Further study documented that he was a heterozygote for the methylenetetrahydrofolate reductase gene C677T mutation. To our knowledge this is the first report of nodular regenerative hyperplasia associated with hyperhomocysteinaemia.
CASE REPORT
A 51 year old male with mild psoriasis, for which he never received any medication that could induce portal hypertension, was evaluated for possible liver transplantation. He had initially been seen at the haematology clinic for suspected myelodysplasia because of a marked splenomegaly with leuco-and thrombocytopenia ( There were no signs of malabsorption and the concentration of tissue transglutaminase-IgA antibody, a serum marker of coeliac disease, was 3.93 U/ml, which is below the cut off value of 7 U/ml (Genesis, Eden Research Park, Littleport, Cambridgeshire, UK). Because of progressive asthenia, osteopenia, and encephalopathy, he underwent liver transplantation with thrombectomy of the portal vein. The explanted liver did not show cirrhosis but diffuse nodular regenerative hyperplasia with pronounced vascular abnormalities ( fig 1) . Phlebosclerosis was observed as absence of the portal vein tributary in the smallest ramifications of the portal tracts whereas a small thick walled vein with signs of arterialisation were seen in other tracts together with several arterial branches. In yet other portal tracts, a thrombosed and partly recanalised vein was seen. Ductopenia was present in smaller portal fields. A mild inflammatory infiltrate was present in the parenchyma, as well as large cell dysplasia. Near the hilum of the liver, a thrombosed middle sized artery was observed.
He received a short course of low dose methylprednisolone (16 mg for one week, followed by 12 mg/day for three weeks and 8 mg/day tapered over three months), together with tacrolimus and 50 mg of azathioprine as immunosuppression. He did not develop rejection episodes and has suffered no psoriatic lesions since the transplantation. Two years following transplantation, he complained of severe bilateral hip pain. X rays and magnetic resonance imaging documented bilateral avascular hip necrosis, despite the fact that he had only received a tapered doses of corticosteroid therapy for four months. He received a bilateral hip replacement in two operative settings. Histology confirmed the avascular necrosis.
As he expressed a collection of conditions, all indicating a vascular aetiology, we performed a series of tests for thrombophilias, and documented hyperhomocysteinaemia (30.5 mM; normal range 7-15). Other thrombophilic factors were within normal limits (table 1) . Genetic testing demonstrated a mutation in the gene encoding for formation of methylenetetrahydrofolate reductase. After treatment with folic acid 1 mg, pyridoxine 50 mg, and cyanocobalamine 500 mg/day, his serum homocysteine levels decreased from 30.5 mM to an average of 10 mM.
DISCUSSION
We have presented a patient, presumed to have post-hepatitis B cirrhosis with portal vein thrombosis, who underwent liver transplantation for severe hepatic encephalopathy. The explanted liver did not reveal cirrhosis but nodular regenerative hyperplasia. Nodular regenerative hyperplasia of the liver is a rare condition which most often (in 59% of case reports in the literature 2 ) presents with stigmata of portal hypertension and its sequelae. The most prevalent disturbance in liver tests is increased alkaline phosphatase and gamma glutamyl transferase levels (in keeping with space occupying lesions) but transaminases may also be raised. A minority of patients are jaundiced or have a raised serum bilirubin. These findings are largely noted in patients who present clinically whereas patients who have nodular regenerative hyperplasia as an incidental autopsy finding have a much lower prevalence of documented clinical and biochemical abnormalities. This is in keeping with the hypothesis that nodular regenerative hyperplasia is the end manifestation of a spectrum of liver diseases with diffuse micronodular transformation as a reflection of progressive degrees of hepatic portal venopathy (occlusion of terminal portal venules), with or without hepatic arterial disorders, depending on the underlying disease.
2 Hepatic portal venopathy, resulting in ischaemia in affected regions of the liver, is the assumed pathogenetic mechanism, leading to atrophy or apoptosis and then to compensatory hyperplasia and nodule formation in unaffected areas. 3 When a critical proportion of portal venules are affected, portal hypertension ensues. 2 Our patient undoubtedly had vascular abnormalities, with combined arterial and portal venous wall thickening, thrombotic phenomena, and absence of portal venules in several tracts. The arterial thrombosis was probably responsible for the biliary features (ductopenia and cholate stasis) as bile ducts depend on an arterial blood supply. He presented clinically with portal hypertension. Nodular regenerative hyperplasia was not our initial diagnosis as he was assumed to have post-hepatitis B cirrhosis at the time of transplantation. This is due to the inherent shortcomings of needle biopsy of the liver and has also been reported elsewhere in the literature. 2 Our patient also had hepatic encephalopathy, presumably due to the large spontaneous splenorenal shunt, as encephalopathy is not usually observed in patients with nodular regenerative hyperplasia.
Two years after transplantation a diagnosis of bilateral avascular necrosis of the femur heads was established. Avascular necrosis of the femur head has been described in patients receiving corticosteroid therapy after renal transplantation. 8 It may be related to the number of pulse doses of intravenous methylprednisolone given for acute rejection as well as to the cumulative dose. Avascular necrosis of the femur head has also been described in patients with psoriasis receiving topical corticosteroid therapy. This however is related to the fact that topical preparations may be applied, in extended courses, to diseased skin, thus facilitating systemic absorption of significant amounts of corticosteroid. 9 Our patient presented with avascular necrosis of both femur heads two years after cessation of a three month tapered course of corticosteroids. It is therefore very unlikely that the course of steroids given was the cause of the femur head necrosis. Documentation of a markedly raised plasma homocysteine level however provides a potential link between seemingly unrelated disease processes. Genetic studies revealed that he was heterozygous for the 677 C-T mutation of the methylenetetrahydrofolate reductase gene. This results in substitution at position 222 of alanine to valine in the reductase. This mutated enzyme is thermolabile and has reduced enzyme activity. 10 The decreased reductase activity leads to enhanced levels of homocysteine, and more so if a low folate state is present as the formation of 5-methyltetrahydrofolate is reduced. The latter is a cosubstrate for remethylation of homocysteine to methionine (fig 2) . Folate acts to stabilise the thermolabile enzyme 10 and serum folate levels above 15.4 nM appear to neutralise the effect of the 677 C-T mutation and enhance reductase activity.
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Hyperhomocysteinaemia has been identified as an independent risk factor for vascular disease. 12 13 It has been shown to be associated with carotid artery stenosis, and predicts mortality in patients with coronary artery disease. Reduction of plasma homocysteine levels has been shown to slow the rate of coronary restenosis after angioplasty. 13 Hyperhomocysteinaemia has also been recognised as a risk factor for venous thrombosis. 12 The event preceding vascular occlusion, due to an elevated plasma homocysteine, is endothelial damage and dysfunction. Avascular necrosis of the femur head has also been described in association with hyperhomocysteinaemia. 14 In addition, this patient had severe osteopenia. This has recently also been linked to hyperhomocysteinaemia 15 although liver disease per se can lead to hepatic osteodystrophy.
In conclusion, our patient presented with a triad of marked intrahepatic vascular abnormalities with nodular regenerative hyperplasia, portal vein thrombosis, and subsequent avascular necrosis of the femur heads. These vascular phenomena were set in the context of a raised plasma homocysteine. To our knowledge this is the first case of nodular regenerative hyperplasia described in association with hyperhomocysteinaemia. Vit B6 Figure 2 Metabolism of homocysteine. Reduced methylenetetrahydrofolate reductase (MTHFR) activity leads to decreased formation of methyltetrahydrofolate that normally activates methioninesynthase to catalyse the transformation of homocysteine to methionine. As a result of reduced MTHFR, homocysteine builds up and more so if the transformation to cystathionine is also reduced. Vitamins B6 and B12 are cofactors in several enzyme reactions. BHMT, betaïne homocysteinemethyl transferase.
